Objective To assess the effectiveness of a three-stage intervention to reduce Caesarean deliveries in a Chinese tertiary hospital.
Introduction
Caesarean delivery rates are steadily increasing in many parts of the world. Although
Caesarean delivery greatly improves obstetric outcomes when clinically indicated, excessively high Caesarean delivery rates have raised concern about the health and economic consequences of this practice. 1 Caesarean delivery has been shown to substantially increase the risk of maternal and perinatal morbidity, including bleeding, infection, anaesthetic complications, postpartum thromboembolism and postpartum depression. Maternal mortality among women who undergo Caesarean section is four to ten times higher than among women who deliver vaginally, and uterine scarring from a Caesarean can undermine reproductive health. [2] [3] [4] [5] [6] [7] China is among the few countries that have experienced a dramatic increase in the Caesarean section rates in recent years. The Caesarean "culture" in China began in the 1990s and rapidly spread from the wealthier to the poorer segments of society, particularly over the last decade. [8] [9] [10] In the late 1990s, hospital-based studies in urban China reported Caesarean delivery rates ranging from 26% to 63%. [11] [12] [13] A study conducted from 1993 to 2002
documented an increase in the rate of Caesarean delivery from 8.9% to 24.8% in 30 selected counties in three Chinese regions. 9 Similarly, data from three nationwide household health surveys in urban cities showed a rise in the Caesarean section rate from 18.2% in 1990-1992 to 39.5% in 1998-2002. 14 According to the most recent study from south-eastern China, the 
Methods

Study design and data sources
We conducted a retrospective cohort study of all deliveries that were attended at the 1st Gynaecologists), and (iv) improving labour monitoring and assessment. The staff was primed to be always ready for any expected and unexpected emergency events during vaginal birth. We actively promoted public health education on the advantages of natural delivery and the risks associated with Caesarean section among our pregnant patients, both through antenatal school and the public media. For referred patients or those who did not attend antenatal education, the educational programme was delivered after admission in birth preparation classes or in pre-delivery discussions on mode of delivery to ensure that every patient was exposed to the antenatal educational materials. We classified as unnecessary any Caesarean section that was performed without an indication or risk factor appearing in the medical record. 20 Patients who insisted on having Caesarean delivery without a medical indication have to sign a special consent form that clearly delineates for them and their family members the risks and potential complications associated with Caesarean section. The patients are also required to record their reasons for wanting to deliver by Caesarean.
Through these measures we ensure that patients who have requested a Caesarean section have had a chance to consider their options in an informed way. This approach has often resulted in patients changing their minds and requesting a vaginal birth instead of a Caesarean section. All mothers who were at least 28 weeks pregnant and who were preparing In stage 2 we introduced a category for risk-adjusted Caesarean rates in our institutional statistics, since it is very difficult to set a cut-off for the ideal Caesarean section rate. Because the ideal rate depends to a large extent on the case mix and type of hospital (i.e.
basic or referral hospital), in some countries a risk-adjusted rate has been recommended as an
indicator of the quality of obstetric care in a given population or hospital. 21 By adjusting the Caesarean section rate for the rates of maternal and fetal risk factors present before labour, it becomes possible to attribute changes in obstetric outcomes to changes in the quality of care rather than to patient mix, a potential confounder. 22 A Caesarean section rate that is above or below the expected or risk-adjusted rate for a given hospital has been associated with increased maternal and perinatal morbidity. 22 In 2007 we investigated the risk factors for
Caesarean delivery using a logistic regression model and compared risk-adjusted primary
Caesarean delivery rates with the observed primary Caesarean delivery rates. We interpreted the difference between the observed and the risk-adjusted rate as an indicator of the quality of obstetric care. Our findings were presented at the 2007 China National Perinatal Congress. 
Statistical analysis
We used Wald's χ 2 test to compare annual Caesarean section rates and the annual incidences of common obstetric complications (Table 1) between 2005 and 2011, and we employed Spearman's correlation to measure their potential correlation with year. We performed logistic regression analysis to examine the independent maternal and neonatal risk factors for admission to the NICU for treatment, which we used as a proxy for perinatal morbidity.
Neonatal variables included in the regression were birth weight (< 2500 g, 2500-3500 g or > 3500 g); preterm delivery (gestational age < 37 weeks), birth asphyxia (Apgar score < 7 at 5 minutes), multiple gestation and sex. Statistical analysis was performed using SPSS version 17.0 (SPSS Inc., Chicago, United States of America).
Results
A total of 25 298 births fulfilling study criteria occurred during 2001-2011, and the rates of Caesarean and vaginal delivery are shown in Table 2 . Overall, the difference in Caesarean delivery rates between successive years was significant (P < 0.001) and the rate and year We found a significant increase in the incidence of all obstetric complications, with the exception of placental abruption, after 2004, and the incidence of obstetric complications correlated positively with advancing years ( Finally, the maternal complications and neonatal risk factors that showed a significant association with admissions to the NICU for treatment were preterm birth; heart disease; diabetes mellitus complicating pregnancy (gestational and pre-gestational); preeclampsia; premature rupture of membranes (at term); preterm premature rupture of membranes; severe liver disease; multiple gestation and low birth weight (< 2500 g); Apgar score < 7 at 5 minutes; and male infant sex. However, CD was actually associated with increased risk of NICU admission for treatment (Table 3) .
Discussion
While the rates of Caesarean section have been steadily increasing in both developed and developing countries, 16, 24 few countries have experienced rates as high as China. 7, 8, 16 Furthermore, the epidemic of Caesarean deliveries in urban areas is likely to extend to rural China as well. 15 The impact of this trend on resource-poor Chinese communities cannot be underestimated.
In developed countries and some developing regions, various measures have been implemented to try to reduce Caesarean deliveries. These include the dissemination of guidelines, with endorsement and support from local opinion leaders, for offering a trial of labour to women with a previous Caesarean; making it mandatory to seek a second opinion and peer review before all potential Caesareans and to conduct pre-Caesarean consultations and post-Caesarean surveillance; and offering nurse-led relaxation and birth preparation classes. 18 However, these measures were only marginally successful and their effect was largely confined to intrapartum Caesareans and low-risk pregnancies. To the best of our knowledge, no similar efforts to reduce Caesarean delivery rates have been made in China, and the intervention described in this paper is the first in the country hospital-initiated and hospital-supported effort aimed to reduce Caesareans. The steep rise in the Caesarean section rate in our hospital, from 30% in the 1990s to 56.1% in 2004, was consistent with data from the national household survey and population-based surveillance in south-eastern China. 8, 9 Following the measures we introduced in 2005, our primary Caesarean section rate dropped by an annual average of 20% from 2005 to 2011, yet the rate of birth asphyxia did not increase despite a progressive rise in the absolute number and proportion of high-risk pregnancies in our institution. In fact, Caesarean delivery was shown to be an independent risk factor for admission to the NICU. This suggests that the unrestricted increase in
Caesarean rates in China is not justifiable on the basis of an increase in high-risk pregnancies or the need to improve perinatal outcomes.
Studies have shown that China's very high rate of Caesarean section is attributable in part to social and cultural factors. 1, 3 The Chinese medical system is strongly influenced by user preferences, unlike the health systems in developed societies. Because of the one-child policy, health-care providers are under constant threat of legal action if the obstetric outcome is unsatisfactory. China's current provider payment mechanism and its revenue-related bonus systems for doctors also influence the high rate of Caesareans. 17 Whereas China, Taiwan, China, has a policy of equalization of fees for vaginal births and Caesareans, 25 in mainland China Caesareans cost twice or three times as much as vaginal deliveries. To try to control delivery expenditures, the government established a "price transparency policy" to force hospitals to disclose their average charges. Unfortunately, this measure did not achieve its goal. 26 Professional bodies in China lack the power to ensure best practices; it is up to individual doctors and medical department heads to uphold medical and ethical principles in standard care. Furthermore, until WHO's global survey showed that China had the highest Caesarean section rate in the South-East Asia Region, academic groups and professionals had focused primarily on preventing the complications of Caesarean section rather than on preventing unnecessary Caesareans. 16 As Chinese society has become more sophisticated, patients have become increasingly aware of their rights in making medical decisions, including delivery method when giving birth. The perceived "advantages" of Caesarean delivery have led to a misguided surge in its popularity that has unfortunately not been countered by publicized professional opinion, since no legal or professional guidelines exist surrounding the right of health-care providers to decline a request for a Caesarean that is not medically indicated. The dilemma facing frontline obstetricians extends to administrators, since China lacks a good administrative system for accrediting, and effectively supervising and evaluating, the equality of obstetric care. The complex interaction between all of these factors makes any attempt to reduce unnecessary Caesareans difficult. No solution is in sight, since few are inclined to analyse the problem in depth or to seek a solution.
Our hospital, one of the leading national tertiary centres in China and the best referral centre in Yunnan province, had the lowest rates of Caesareans of all types and of primary Caesareans -40.3% and 35.4%, respectively -among all tertiary referral centres in China.
The dramatic reduction in our primary Caesarean section rate between 2001-2004 and 2005-2011 despite a progressive increase in complicated pregnancies has put us on the par with the United States, whose average Caesarean section rate 38%. 24 Our findings have confirmed the effectiveness of our measures in reducing the Caesarean section rate and suggest that further improvement can be achieved.
In conclusion, we have demonstrated the effectiveness of a multi-faceted intervention in reducing China's elevated Caesarean section rate. Further research is needed to determine the cost-effectiveness of this approach under a relaxed one-child policy, considering that 
